Introduction
In previous papers [1, 2] we reported biosynthetic experiments in Acnistus breviflorus with labelled mevalonolactone, acetate, methio nine, and jaborosalactone A. Administration of [2-14C] mevalonolactone to excised leaves of the above mentioned plant produced labelled jaborosa lactone A (1) and withaferin A (2) . Degradation of the latter rendered glyceric acid from carbons 25, 26, and 27 of the withanolide representing 2% of the total radioactivity of withaferin A plus a C24 ß-hydroxyketone containing ca. 98% of the radioactivity. These values were considerably different from the expected 20% and 80% respectively suggesting that the side chain of the C28 sterol precursor had been partially cleaved during the biosynthetic process.
We now report the degradation of l4C-labelled jaborosalactone A (1) and withaferin A (2) (biosyn-28 2: R-OH * Reprint requests to Dr. E. G. Gros.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/87/1100-1471/$ 01.00/0 thetically produced from [2-14C]mevalono lactone) leading to the isolation of C-26 by a procedure dif ferent to that previously used [1] . Attempts to isolate C-l (also derived from C-2 of mevalonolactone) from the labelled withanolides were only partially successful for withaferin A. The results obtained en force our previous assumptions.
Results
Preparation of labelled withanolides. Leaves of A. breviflorus were cut and their stems immediately immersed in an aqueous solution of [2-l4C]mevalonolactone. The radioactive withanolides were ex tracted and withaferin A and jaborosalactone A were purified as described previously [1] . The chemi cal and radiochemical purity of the isolated with anolides was confirmed by 'H N M R spectroscopy and by preparative HPLC where the radioactivity coeluted with the withanolide peaks.
Isolation of C-26 of jaborosalactone A. Our ap proach to the isolation of this carbon atom was based on the reaction of the side chain lactone with phenyllithium followed by oxidative cleavage of the 26,26-diphenyl derivative which would render benzophenone containing the former C-26 as the car bonyl carbon [3] . Two other reaction pathways for attack by phenyllithium on the withanolide skeleton were: a) addition to the C-l carbonyl, and b) opening of the epoxide ring yielding a 5-nhenyl-6-hvdroxy derivative. The former reaction would lead to a 1-phenyl-l-hydroxy compound which upon oxidation should afford benzoic acid containing C-l as the car boxyl carbon. As C-l of the steroid compound also originates in C-2 of mevalonolactone, this possibility was further explored as it would provide additional information on the extent of incorporation of mevalonolactone into the steroid nucleus.
To eliminate the possibility of reaction at the 5,6-epoxy function of jaborosalactone A , compound 1 was converted into 5a-methoxy-6/3-hydroxy deriva tive (3) upon treatment with methanol and a catalytic amount of sulphuric acid [4] , The methoxylated de rivative was reacted with an excess of phenyllithium in refluxing benzene until disappearance of the start ing material. 'H and l3C N M R analysis of the product indicated the presence of several compounds that could not be fully characterized; on the other hand, IR analysis indicated the presence of unreacted car bonyl group, most probable that of C-l. Oxidative cleavage of the crude product with chromium triox ide and sulphuric acid rendered benzophenone and varying amounts of benzoic acid, although the origin of the latter could not be ascertained.
In an attempt to increase the reactivity of the car bonyl carbons, jaborosalactone A was hydrogenated to the 2,3,24,25-tetrahydro-27-deoxy derivative (4) and treated with phenyllithium in refluxing tetrahydrofuran. In this conditions, the reaction product consisted mainly of a mixture (ca. 1:1) of compounds 5 and 6 as determined by 'H NMR. Upon oxidation as above, the mixture rendered as expected benzo phenone and benzoic acid (ca. 1:1 ratio) containing C-26 of the withanolide.
Partial hydrogenation of jaborosalactone A to the 2,3-dihydro-27-deoxy-derivative (7) followed by treatment with phenyllithium in refluxing benzene afforded the 26,26-diphenyl derivative 8. Further treatment of 8 with phenyllithium in refluxing tetrahydrofuran yielded compound 9 where opening of the epoxide function was observed. However, no reaction occurred at the C-l carbonyl group. Oxida tive cleavage of 8 yielded only benzophenone. A similar result was obtained when 3-ethoxy-2,3-dihy dro jaborosalactone A (10), prepared as described elsewhere [5] , was treated with phenyllithium in tetrahydrofuran and oxidized. In this case besides benzophenone, trace amounts of benzoic acid were also detected; although its origin could not be ascer tained, it most probably derived from trace im purities of a 26-phenyl-lactol similar to 5.
Isolation of C-l and C-26 of withaferin A. Follow ing a similar approach to that used for jaborosa lactone A , withaferin A (2) was converted into its 3-methoxy-2,3-dihydro derivative (11) [1] and the purified product treated successively with phenyllithium in tetrahydrofuran and chromium trioxide-sulphuric acid affording benzophenone and a minor amount of benzoic acid.
Degradation of labelled withanolides.
[14C]Jaborosalactone A was hydrogenated to [14C]-4, the labelled derivative subjected to the degradation sequence above described, and benzophenone and benzoic acid isolated and purified by recrystallization of the oxime and by sublimation respectively. Both com pounds had almost identical specific activity values which accounted for ca. 1% of the radioactivity of jaborosalactone A. This result was consistent with both compounds coming from the C-26 of the withanolide via 5 and 6 as indicated before.
[14C]Withaferin A was subjected to the degrada tion sequence described above for the unlabelled withanolide, and benzophenone and benzoic acid were isolated. The benzophenone was purified as the oxime and its radioactivity accounted for 5.9% of that of withaferin A. Although the benzoic acid could not be purified due to the small amount ob tained, the crude product had a specific activity that accounted for 17.3% of that of the original radio activity of the withanolide. The specific activities of jaborosalactone A, with aferin A , and their corresponding degradation prod ucts are listed in Table I .
Discussion
The results presented in Table I for the relative specific activities of C-26 of labelled jaborosalactone A and withaferin A , strongly enforce our original assumption on the existence of a major alternative route for the biosynthesis of withanolides in Acnistus breviflorus in which the side chain of the sterol pre cursor is partially cleaved with loss of C-26 [1] .
The relative specific activity of C-26 of withaferin A was almost one fourth of the predicted 20% consider ing a biosynthetic pathway from [2-14C]mevalonolactone to withanolides through an intact C28 sterol precursor, which would be equally labelled at car bons 1, 7, 15, 22, and 26.
A more dramatic difference was observed in the case of jaborosalactone A where the relative specific activity of C-26 was only 1% of that present in the withanolide. Our previous experiment with withaferin A gave 1.6% of the activity at that carbon atom [1] . The extent of side chain cleavage on the sterol pre cursor, however, appears to be variable from one experiment to another.
Although the small amount of benzoic acid iso lated in the degradation of labelled withaferin A did not allow its thorough purification, the relative specific activity of the product, representing 17.3% of that of the withanolide, is consistent with it being originated from C-l of withaferin A.
Final proof for the postulated alternative biosynthetic route will require double labelling ex periments. Work is in progress on this approach.
Experimental
Melting points are uncorrected. IR spectra were measured as dispersions in mineral oil in a PerkinElmer 710 B IR Spectrophotometer. 'H N M R spectra were registered at 100.1 M Hz in a Varian XL-100-15 FT N M R spectrometer in CDC13 solns. Chemical shifts are expressed in ppm downfield from TMS, and coupling constants (J) in Hz. Radioactivity was measured by liquid scintillation counting. [2-14C]Mevalonolactone was purchased from New England Nuclear (48.6 mCi/mmol).
Administration of the labelled tracer
[2-14C]Mevalonolactone (143 //Ci) was fed to 10 leaves of A. breviflorus and after 2 days labelled jaborosalactone A (6.5 mg, 1.8x 10s dpm/mmol, abs. incorp. 1.1%) and withaferin A (4.8 mg, 3.2x 108 dpm/mmol, abs. incorp. 2.1%) were iso lated and purified as described previously [1] , [14C]Withaferin A (2.5 mg) was diluted with unlabel led material and recrystallized to constant spec, ac tivity (3.7xl06 dpm/mmol).
[14C]Jaborosalactone A (2.1 mg) was diluted with unlabelled compound, purified by prep. HPLC [5] and recrystallized to con stant spec, activity (0.97xl06 dpm/mmol).
Degradation of jaborosalactone A (Method A).
Unlabelled jaborosalactone A (24 mg) was converted into 5a-methoxy-4,5-dihydro-jaborosalactone B (3) (25 mg) by treatment with M e O H : H 2S 0 4 [4] , and the product was treated with PhLi in C6H 6-Et20 (1 M, 5 ml). The ether was distilled off and the remaining soln. was heated under reflux in a N2 atmosphere for 2 h. After stand ing overnight at room temp., extractive workup af forded a mixture of several products (TLC) which presented IR signals at 3300, 1685 (C = 0 , C-l), 750 and 700 cm-1 (aromatic). The crude mixture was sus pended in 10% aqueous H 2S 0 4 (10 ml) and C r 0 3 (3 g) was added. The reaction mixture was steam distilled and the distillate was collected over aqueous NaOH. The alkaline soln. was extracted exhaustively with Et20 ; evaporation of the solvent yielded benzophenone (5 mg). The aqueous layer was acidified and extracted with Et20 , and the residue obtained for evaporation of the solvent was sublimed (1 atm., 110 °C) affording benzoic acid (4 mg, m.p.
121-122 °C).
The crude benzophenone was dissolved in E tO H -H 20 (5:1, 0.07 ml) and treated with N H 2OH-HCl (9 mg). The mixture was made al kaline with NaOH (16.8 mg) and stirred for 5 min at 100 °C. The resulting soln. was poured into dil HC1 and the benzophenone oxime was filtered and recrys tallized from E tO H -H 20 yielding 4 mg of m.p. 142-143 °C.
(Method B). Unlabelled jaborosalactone A (30 mg) was dissolved in EtO H (5 ml) and hydroge nated over 10% Pd/C (15 mg) for 20 h at room temp, and atmospheric pressure. 
Degradation of labelled jaborosalactone A
[14C]Jaborosalactone A (30 mg, 0.97xl06 dpm/ mmol) was degraded as in Method B yielding ben zophenone oxime (3.8 mg, 1.05x 104 dpm/mmol) and benzoic acid (3.9 mg, 0.83xl04 dpm/mmol).
Degradation of labelled withaferin A
[14C]Withaferin A (43 mg, 3.7x 106 dpm/mmol) was added to a soln. of NaAcO (0.05 M) in M eOH (12 ml). The reaction mixture was refluxed for 9 h and evaporated to dryness. The residue was triturated with C H 2C12 and filtered: evaporation of the solvent afforded compound 11 (45 mg, 3.7xl06 dpm/mmol). Treatment with PhLi in refluxing THF in the same conditions as for compound 4 (Method B) followed by oxidation with C r0 3-aq. H 2S 0 4 yielded benzophenone (6 mg) which was converted to benzophenone oxime and recrystallized to constant sp. activity (3.3 mg, 2.2x10"' dpm/mmol). The small amount of benzoic acid isolated (ca. 0.5 mg, 6.4x10"' dpm/mmol) could not be purified further.
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